Abstract
rinsing a carbohydrate (sucrose) and an artificially sweetened (sucralose) solution on Acts of self-control require the effortful inhibition of predominant responses, 42 emotions, thoughts, and impulses, permitting behaviour to vary adaptively moment to 43 moment (1, 2) . Exertion of self-control is considered to be a key process in the human 44 personality structure as flexibility in behavioural response permits the attainment of goals, 45 and facilitates adherence to rules, laws, and social norms and standards (3) . Indeed, self-46 control capacity has been positively associated with an impressive array of behaviours of 47 personal and societal significance (e.g., reduced aggression (4) ; scholistic achievement (5) ; 48 interpersonal success (6) ; criminality
).
50
The capacity to exert self-control appears to be limited (8) .
The resource strength 51 model maintains that acts of self-control consume and temporarily deplete a common, and 52 crucially limited, resource; ultimately resulting in 'ego depletion' (9, 10) . Self-control of differing task modalities (11) . This would fit with the claim that the resource involved in 57 inhibition and self-control reflects a form of executive function (12, 13) .
59
Gailliot and Baumeister (14) extended the strength model from the metaphorical to the 60 physical by proposing that glucose is the central energy source of self-control. This
61
proposition was founded on evidence of (i) reduced blood glucose levels after initial exertion 62 of self-control; (ii) an association between subsequent, post-depletion, self-control 63 performance and blood glucose decline, and (iii) attenuation of the detrimental ego depletion 64 effect on self-control performance after ingestion of glucose, but not artificial sweetener
65
(sucralose) (14) . Subsequent attempts to replicate the moderation of peripheral blood glucose 66 by exertion of self-control have not supported this original finding (15) . The amount of glucose 67 required for acts of self-control is likely to be negligible in absolute brain energy cost terms.
68
Furthermore, reduced peripheral glucose is unlikely considering the efficiency of homeostatic 69 systems in maintaining brain energy levels (16) .
71 4
The capacity of glucose ingestion to counteract the impairing effect of ego depletion 72 has however been replicated (17, 18, 19, 20 
, conferring greater performance benefits than ingestion (25) . Such findings suggest a 79 potential motivational rather than metabolic effect of carbohydrates on performance,
80
underpinned by activation of motivational neural reward pathways (24, 26, 15) . Ego depletion 81 effects can also be moderated by manipulation of subjective states such as motivation (27) , 82 expectation of self-control capacity (28) , and self-affirmation (29) . Evidence of moderation of 83 self-control performance by subjective state casts further doubts on the specific role of 84 glucose.
86
The existing evidence for metabolic accounts of self-control (e.g., (14, 11) has also 87 received criticism on the statistical grounds of potentially inflated effect sizes and 88 methodological shortcomings (16, 30, 31, 32) . Further, failed attempts to replicate the effects of 89 carbohydrate ingestion and oral sensing suggest the effect of carbohydrate on self-control 90 performance may not be as robust as the literature suggests (30, 31) . 
). Therefore, older adults were considered a highly relevant 110 population in which to study the effects of ingesting and rinsing carbohydrate solutions on 111 self-control performance, due to commonly observed age-related decline in cognitive control
112
(38) and an age-associated deterioration in glucose regulation (37) . repeated trials is typically superior to performance on "switch" trial due to the time and effort 184 needed to switch between the two tasks -the switch cost (40) . Letter-number pairs were repeat trials within the same task-run (see Figure 1 for stimulus configuration).
199

<FIGURE 1>
200
In total 144 trials were presented with target trials randomly presented with a 201 probability of 50%. Eight parallel versions of the task, differing only with respect to colours 202 used to cue the task-switch, were employed, and administered in a counterbalanced manner.
203
Accuracy (number of correctly identified targets) and RT (target response latency) across 204 each trial type were assessed. fatigue-inertia, and confusion-bewilderment) across each study visit.
211
Visual analogue scales (VAS) assessing the sensory properties of the experimental 212 solutions were employed. How "sweet", "pleasant", and "satisfying" participants found the 213 solutions were rated using 100 mm scales anchored by "Not at all" and "Very". were collected after solution intake (+ 7 minutes and + 39 minutes). Blood glucose area under the curve with respect to increase (AUCi) was calculated 287 using the trapezoid method (42) . For all analyses, the significance level was set at = 5%. The and standard error of the mean (SEM).
291
Results
292
Participant Characteristics
293
The continuous interstitial glucose monitor subsample (IPRO) did not significantly were demonstrated between the remaining experimental conditions. To permit a more direct comparison with previous studies reporting the specific 398 facilitative effect of ingesting carbohydrates vs artificially sweetened drinks (e.g.,
), and 399 rinsing carbohydrates vs artificially sweetened drinks (e.g.,
), two separate analyses 400 comparing the ingestion of sucrose vs. sucralose and comparing the rinsing of sucrose vs. to the initial attention switch task; therefore, this finding likely reflects variation in 462 endogenous blood glucose levels and/or precision variability of the glucose analyser.
463
Furthermore, self-control exertion had no effect on interstitial glucose levels which were 464 continuously measured throughout the ego-depletion period, and can thus be considered a 465 more robust measure of this effect. This supports previous evidence that the moderation of 466 peripheral glucose by self-control exertion is unlikely (16, 30, 15) and contradicts evidence 467 directly linking glucose metabolism to self-control (3, 14) . Inconsistency in the literature may evidence of the capacity of carbohydrate rinsing to protect performance (21 ,15, 22) . However,
484
the positive effect of carbohydrate rinsing has not been consistently reported (30) .
486
The act of rinsing both a caloric and an artificially sweetened solution was associated 487 with superior performance on an attention switch task compared to ingestion of the same 488 solutions. It is important to note that improved attention switch performance after rinsing the pathways shifting the motivational state towards persistence (24, 15) . prior to the secondary ego depleted task (30) . The strengths of the reported study lie in the robust methodology adopted. Highly 557 precise methods of assessing the metabolic effects of ingesting and rinsing carbohydrates and 558 a rigorous standardised, repeated measures, counterbalanced crossover design were applied.
559
The cognitive tasks employed to deplete and measure self-control performance were also 560 well-established and validated measures of performance. This contrasts with previous studies 561 that have adopted less standardised methods of depleting self-control (e.g., writing about 562 one's death
; a high score on a questionnaire assessing attitudes towards homosexuality 563
). To detect an effect of carbohydrate ingestion as large as that reported by Hagger et al. should not be expected to unduly influence the findings considering the assumption that self-
control capacity is mediated by a common, modality independent, resource (11) . In this study, the placebo solutions were sweetened with sucralose which, whilst 577 sufficiently low in energy to be considered non-caloric (< 4 kcal in study solutions), contains 578 a small amount of maltodextrin filler (< 1 g in study solutions). Evidence that greater initial exertion on multiple tasks of self-control does not 587 inevitably result in more severe subsequent performance decrement -as may be assumed by 588 the self-control resource model -has been reported (46) . Indeed, the inclusion of multiple 589 initial depletory self-control tasks has been shown to increase performance (52) . 
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